Killer cell inhibitory receptor (KIR) is expressed on NK cells and T cells, and negatively regulates the recognition of these cells via its binding to HLA class I molecules. Here we show the evidence that KIR is involved in apoptosis of T cells. The triggering of NKB1 molecules using DX9 anti-NKB1 mAb induced apoptosis of the cytotoxic T lymphocyte (CTL) clone expressing NKB1. Moreover, the cross-linking of NKB1 molecules together with CD3 molecules enhanced the apoptosis. The CTL clone carries Fas molecules, but failed to express Fas ligand (FasL) even after the cross-linking of both NKB1 and CD3 molecules. The apoptosis of the CTL clone induced by the cross-linking of both NKB1 and CD3 molecules was inhibited by IL-1β-converting enzyme (ICE) inhibitor. These results together indicate that the apoptosis of CTL induced by the triggering of NKB1 molecules is not Fas-mediated but is linked to other signaling pathways using the ICE-like protease cascade.
Introduction
Human NK cells carry killer cell inhibitory receptors (KIR) which are members of the Ig superfamily (1) (2) (3) (4) . These receptors bind to HLA class I molecules and negatively regulate the killing of target cells. Functional KIR is also expressed on some T cells (5, 6) . The NKB1 receptor is a member of KIR called p70 which has three Ig domains and recognizes specifically the HLA-Bw4 epitope (7, 8) . Tyrosine phosphorylation of NKB1 molecules recruits SHP-1, and is involved in negative regulation of recognition of NK cells and T cells (9) (10) (11) . However, the biological role of the molecules still remains unclear. Since NKB1 is preferentially expressed on T cells with a memory phenotype but is not frequently expressed on either thymocytes or cord blood T cells (3), It is speculated that NKB1 regulates the deletion and the development of peripheral T cell.
Apoptotic process of T cells plays an important role both in T cell development in thymus (12) (13) (14) and in the clonal deletion of T cells in the periphery (15) (16) (17) (18) . These events may contribute to mechanisms of immuno-tolerance. Previous studies have shown that apoptosis of peripheral T cells requires Fas signals in addition to TCR triggering (19) (20) (21) (22) . In the present study, we show the evidence that the triggering of NKB1 molecules induces apoptosis of T cells, suggesting that the binding of NKB1 molecules to its ligand is able to enhance apoptosis of T cells via the TCR. 
Methods

Cells
NKB1-positive cytotoxic T lymphocyte (CTL) clone (YY-D3-1) was established from peripheral blood lymphocytes of a HIV-1 infected donor. The characterization of this clone was previously described (23) . The CTL clones were cultured in RPMI 1640 medium containing 10% FCS and 200 U/ml human recombinant IL-2, and stimulated weekly with irradiated C1R cells. Murine T cell lymphoma WR19L and its transfectant expressing murine Fas (W4) (24, 25) were kindly provided by Dr S. Nagata (Osaka University, Osaka, Japan). These cells were cultured in RPMI 1640 medium containing 10% FCS. To detect the process of apoptosis, the expression of 7A2 antigen in the CTL clone was examined with APO2.7 mAb as follows. The cells were fixed with 0.25% paraformaldehyde in PBS for 2 min on ice and washed twice with PBS. Then 10 µg/ml of digitonin was added for permeabilization and the cells were labeled with PE-conjugated APO2.7 mAb for a direct immunofluorescence assay. After incubation for 30 min on ice, the cells were washed with PBS containing 0.05% Tween 20 and then resuspended in PBS for analysis by FACScan.
Measurement of soluble FasL (sFasL)
sFasL was measured using 51 Cr-labeled WR16L and W4 cells as follows. The cells (5ϫ10 5 ) were incubated for 60 min with 100 µCi of Na 2 51 CrO 4 in saline and washed 3 times with RPMI 1640 medium containing 10 % NCS. Labeled target cells (5ϫ10 3 /well) were added into a 96-well round-bottom microtiter plate (Nunc, Roskilde, Denmark). Titrated rFasL and 4-fold diluted supernatant of the culture were added into each well. After an incubation at 37°C for 17 h, the supernatants were collected and analyzed with a γ-counter. The spontaneous 51 
Staining for analysis by fluorescence microscopy
The CTL clones after the cross-linking of NKB1 and CD3 molecules for 24 h were stained with Hoechst 33258 (Sigma, St Louis, MO) and PE-conjugated APO2.7 mAb. Cells (2ϫ10 4 ) were fixed with 1% paraformaldehyde for 1 h on ice and washed twice with PBS. Then 1 µl of 1 mM Hoechst solution was added to the suspension in 50 µl PBS and incubated for 1 h on ice. Then 1 µl of PE-conjugated APO2.7 mAb was added to it. After 1 h incubation, 5 µl of the samples was put on a glass slide and analyzed under a BX50 microscope (Olympus Optical, Tokyo, Japan) with two wavelengths (U and B region). The pictures were taken under double exposure.
Results and discussion
It is well known that TCR triggering through immobilized anti-CD3 mAb induces apoptosis of T cells (19) (20) (21) (22) . This mechanism is mediated by the interaction between Fas and FasL, following an increased expression of both molecules (19) (20) (21) (22) . We investigated whether triggering of NKB1 molecules or TCR or both by antibody cross-linking induce apoptosis of the T cells. We employed the γδ CTL clone YY-D3-1 expressing NKB1 receptors which negatively regulate the killing of the NK-sensitive cell line, C1R cells (23) . Flow cytometry analysis with HP3E4, DX9, HP3B1 (23), GL183 and EB6 mAb (data not shown) showed that this clone expresses NKB1 receptor but not other KIR receptors. Induction of apoptosis of this clone by the cross-linking of CD3 was minimum (Fig. 1a) , indicating that this clone is less sensitive against anti-CD3-mediated apoptosis in contrast to the T cells in previous reports (19) (20) (21) (22) . On the other hand, the crosslinking of NKB1 molecules raised the percentage of cell death. Moreover, the triggering of both NKB1 and CD3 molecules showed the synergistic effects (Fig. 1A) .
To confirm that the cell death is mediated by apoptosis, we examined the expression of 7A6 antigen, which is a 38 kDa mitochondrial membrane protein and preferentially detected on cells undergoing apoptosis (26) . It has been suggested that this protein is involved in the molecular cascade of apoptosis and its expression represents an early event of apoptosis. APO2.7 mAb specific for 7A6 antigen is capable of detecting both early and late phase of apoptosis by flow Fig. 4 . Detection of 7A6 antigen in the YY-D3-1 CTL clone cross-linked with DX9 and OKT3 mAb in the presence or absence of ICE inhibitor II. The cells were stained with Hoechst 33258 and PE-conjugated APO2.7 mAb. The cells cultured in the medium containing ICE inhibitor II were only stained with Hoechst 33258 (A). On the other hand, most cells cultured in the medium without ICE inhibitor II were morphologically apoptotic. Early apoptotic cells were stained with both Hoechst 33258 and APO2.7 (B). Late apoptotic cells showed blebbing and fragmented nuclei, and were strongly stained with PE-conjugated APO2.7 mAb while the staining of Hoechst 33258 was very weak (C).
cytometry with digitonin permeabilization of the cells (26) . The CTL clone was incubated for 24 h after the cross-linking of NKB1 molecules or CD3 or both and then the expression of 7A6 antigen was examined by flow cytometry (Fig. 1B) . Weak expression of 7A6 antigen was observed after the CD3 cross-linking while the cross-linking of NKB1 molecules enhanced the 7A6 expression. The cross-linking of both NKB1 and CD3 molecules enhanced the expression of 7A6 antigen (Figs 1B, and 4B and C). Thus, the results support that the cell death observed in Fig. 1(A) was mediated by apoptosis. Taken together these results indicate that the signaling via NKB1 induces the apoptosis of the CTL clone.
We investigated whether the interaction between Fas and FasL is involved in the apoptotic events of the CTL clone via NKB1 receptors. This CTL clone expressed Fas molecules and their surface expression did not change after the crosslinking of NKB1 molecules ( Fig. 2A) . On the other hand, the expression of FasL was not detected before and after the cross-linking of CD3 and/or NKB1 molecules (data not shown). Human FasL is converted to a soluble form by the action of a matrix metalloproteinase-like enzyme and induces apoptosis in Fas-bearing cells (19, 20, 24) . Since it was reported that the TCR triggering up-regulates the expression of Fas and FasL, followed by autocrine soluble FasL-mediated suicide (19, 20) , we measured sFasL in the culture supernatants. Cytotoxic activity against WR19L and its transformant cells W4 were used to measure quantitatively sFasL. The quantitative assay using purified human rFasL as a control showed that this assay can detect 20-50 pg/ml of sFasL, but sFasL was not detected in supernatants of the culture containing the CTL clone after cross-linking of NKB1 or CD3 or both (Fig. 2B) . Moreover, apoptosis of YY-D3-1 clone was not induced by 0.01 pg/ml to 1 ng/ml of sFasL (data not shown). These results suggest that the CTL clone did not produce functional FasL after the triggering of NKB1 and/or CD3 molecules, and that the interaction between Fas and FasL was not involved in the apoptotic events of the CTL clone via NKB1 receptors. In fact, 4H9 anti-FasL mAb which has neutralizing activity failed to block the apoptosis of the CTL clone after the cross-linking of NKB1 molecules (Fig. 3) , while this mAb can block the apoptosis of W4 cells induced by FasL (data not shown).
It is well known that tumor necrosis factor (TNF) induces apoptosis (27) . In order to exclude the possibility that TNF induces apoptosis of the YY-D3-1 clone, we measured TNF production in the supernatant of the clone after cross-linking of NKB1, CD3 or both. No TNF induction (Ͻ50 pg/ml) was observed (data not shown). The result indicates that apoptosis of YY-D3-1 clone induced by NKB1 is TNF independent.
The members of the ICE family of cysteine proteases are important effector molecules involved in apoptosis (28) . Activated ICE family proteases cleave several substrates for apoptosis and inhibitors of ICE family proteases block apoptosis induced by most signals of cell death including Fas-mediated apoptosis (29, 30) . To investigate whether the apoptotic events of the CTL clone via NKB1 receptors take an ICE protease-dependent pathway, we examined the effect of peptide inhibitors of ICE proteases. The apoptosis of the CTL clone by the NKB1 and CD3 cross-linking was strongly inhibited by treatment with the ICE inhibitor II (YVAD-cmk) (Figs 3 and 4) . Thus, apoptosis of the CTL clone induced by NKB1 and CD3 cross-linking uses an ICE-like protease cascade.
Recent studies showed that the inhibitory function of KIR is dependent on its tyrosine phosphorylation and on recruitment and activation of SHP-1 (9-11). On the other hand, previous studies demonstrated that inhibition of protein dephosphorylation prevents apoptosis (31) and the activation of SHP-1 induced apoptosis of T cell lines (32) . Taken together these studies imply that the activation of SHP-1 via the binding of KIR to its ligand might induce apoptosis of T cells. In the present study, we indeed demonstrated that KIR induces apoptosis of T cells. Considering that cross-linking of both NKB1 and CD3 molecules has an additive effect on apoptosis, it is assumed that the recognition of CTL via both TCR and KIR may effectively induce apoptosis of CTL. This mechanism might prevent hyper-immune reactions by T cells such as fulminant hepatitis.
